These values are within the range predicted by simple plate cooling models for the late Miocene ages of the deep Tyrrhenian basin. Thus our observations suggest that although the mode of crustal formation of these deep marginal basins is less well defined than that of the major ocean basins, the thermal signature is similar. Also, the trend of increasing heat flow from west to east through the Balearic and Tyrrhenian basins is in agreement with models of the formation of the western Mediterranean behind an eastwardly migrating trench system. In all three areas the measured flux shows significant local variability. In the two westernmost surveys this can be attributed to the presence of buried, high-conductivity salt structures, but in the third area (SE Tyrrhenian) the magnitude of the variations is several times greater than can be attributed to steady state thermal refraction alone. Instead, evidence exists for localized hydrothermal activity linked to the small topographical relief within the survey area.
of sedimentary and evaporitic deposits over a thin (approximately 5 km) crust. Although no well-lineated anomalies can be clearly identified [Galdeano and Rossignol, 1977] , an overall kinematic interpretation and structural (seismic) evidence suggest continental margin rifting separated by oceanic crust [Burrus, 1984] . Thus seismic and magnetic evidence both suggest that the crustal structure is oceanic. Seismic reflection profiles from the Balearic are dominated by strong reflections marking thick (< 1 km) sequences of Messinian (6.6-5.2 Ma) salts and evaporites [Montadert et al., 1978] . Through most of the abyssal plain intense halokinesis has occurred, forming diapiric structures which commonly penetrate the later sediments.
The T yrrhenian Sea
It is generally believed that the Tyrrhenian Sea formed by mid-late Miocene extension behind a southeastwardly migrating trench-arc system (Figure 2 Two separate groups operated heat flow systems on the Shackleton cruise 3/81; 36 values were obtained using a violinbow instrument recently developed in Cambridge [Hutchison, 1983], while the remaining measurements were taken using the Woods Hole Oceanographic Institution (WHOI) digital heat flow system. The Cambridge instrument was fitted with a 7.9-mm-diameter sensor tube containing nine individual thermistors over a 4-m spacing and included heating elements to allow in situ measurement of thermal conductivity using a heat pulse technique [e.g., Lister, 1979; Hyndman et al., 1979] . Owing to an instrumental malfunction, no in situ conductivities were recorded on the first deployment (survey D1), but all subsequent stations using the Cambridge probe included extensive in situ values. Both instruments recorded the temperature data on digital cassette tape with a resolution of 0.5 mK and simultaneously telemetered information to the ship for real-time monitoring. Unlike the Cambridge instrument, the WHOI gear consisted of conventional outrigger probes fixed to a long strength member. The WHOI probes were fitted with a secondary heating element through which a constant heating current could be passed to allow in situ measurement of thermal conductivity. In practice, useful conductivity values were returned with this pro•totype system only on the last few stations of the cruise. Although the WHOI instrument recorded fewer temperature points than the Cambridge instrument, the resultant temperature profiles had the advantage of a slightly greater penetration (5.5 compared with 4.0 m). Both instruments were used in a "pogo" fashion, allowing multiple penetrations to be made on a single lowering. The measured temperature profiles (shown in Appendix A x) were generally linear, with no significant evidence of large-scale systematic curvature found at any of the three survey sites.
A piston core was taken in each area to allow on-board analysis of the sediment thermal conductivity by needle probe techniques [Von Herzen and Maxwell, 1959] . Both groups took independent sets of measurements, WHOI using an automatic multiple needle instrument and Cambridge using a simpler, analogue recording probe. This allowed cross calibration of the two instruments, and, in general, the values obtained agreed to within 10%. Conductivities measured on the core samples (after correction for ambient pressure and temperature at the seafloor [Ratcliffe, 1960] 
Seismic Reflection Profiling
Single-channel seismic profiles were recorded on an analogue frequency-modulated system. The sound source was a single 160 inch 3, 1800 psi air gun fired once every 12 s, pro- N is the number of temperature points used in assigning the temperature gradient; Q is the heat flux; K is the thermal conductivity. In considering these models the following points should be noted: (1) the conductivity structure is strongly three-dimensional, thus any two-dimensional model can give only an approximate solution, (2) the measured fluxes are projected onto the profiles from as much as 1 km distant, and (3) the chosen interpretation of the reflection records (and hence the conductivity structure) is not unique; in particular, the basement depth beneath the salt layer is poorly defined. Nonetheless, a number of alternative models were calculated by varying the conductivity contrasts and distributions, but any physically reasonable configurations produced only minor differences from the results shown in Figure   5 .
The model demonstrates that the variability in the flux can be explained by the presence of high-conductivity salt and that since the measurements are distributed over at least one full wavelength of the expected anomalies, the spatial sampling of the data is sufficient to average the effects of the thermal refraction. Thus the calculated mean forms an unbiased estimate of the regional flux.
Before comparing the heat flow with theoretical cooling models, the blanketing effects of the rapidly deposited salt and sediment layers must be evaluated. A numerical analysis of the problems of sedimentation, accounting for compaction, pore water movement, and surface temperature changes has been developed to obtain accurate estimates of sediment correction factors [Hutchison, 1984] An alternative explanation of the effects shown in Figure 11 as the result of slumping downslope from the topographic high cannot be entirely ruled out. However, the observed variations and curvatures in gradient would require very recent sediment movement, and the probability of observation is very low [see Noel, 1984] . Also, in a slump environment the sediment conductivity could be expected to be irregular with higher values on the crest and low values in the slump material; the data in Table 2 continued. Rather, in these transitional zones it is more likely that large blocks of continental material will become separated and intruded by "oceanic" basalts. Conventional estimation of/• from the crustal thinning becomes impossible, since detailed measurement of the crustal structure will only reveal areas of oceanic crust interspersed with discrete continental fragments [e.g., Duschenes, 1983; Moussat, 1983] . For example, in area D2 the Cornaglia basin is at least partly oceanic [Duschenes, 1983] but is surrounded by seamounts of continental material. In the same way, it is unlikely that welldeveloped ridge spreading systems will be found in such areas, and consequently, clearly defined seafloor spreading magnetic anomalies cannot be expected. While the oceanic plate and high-/• stretching models cannot be resolved by thermal measurements, the models do provide an adequate account of [1981] conclude that the Messinian morphology of the Tyrrhenian need not have been significantly different from that observed today and that detailed relationships between topography and drainage patterns were responsible for the lack of major Messinian deposits in the southeastern basin. Their analysis is incomplete on two counts; first, the heat flow measurements used are inadequate to allow realistic estimate of the regional heat flux because they are contaminated by anomalously low values measured near major basement outcrops, and second, their use of normal ocean floor bathymetry as an indicator of crustal age is invalid_ since it has been shown [e.g., Louden, 1980 ] that the depths of marginal basins are consistently 500-1000 m deeper than those predicted by the best fit plate models.
In contrast, the data presented here offer a self-consistent model of basin development and timing, accounting for heat flow, crustal structure, ages, and Messinian evaporite distributions. SUMMARY 1. Heat flow increases from west to east through the Balearic and Tyrrhenian basins.
2. Heat flow versus age follows the same curves as those predicted by plate cooling for the major ocean basins; the only acceptable alternative models are based on thinned continental lithosphere with high stretching factors (/• > 6).
3. Large local scatter in the heat flow can be attributed to thermal refraction through highly conductive salt structures in areas D1 and D2, but alternative processes (possibly including hydrothermal circulation) are required to account for the amplitude of the variability in survey D3.
4. Consideration of heat flow, age estimates, and distribution of Messinian salt and evaporites favors models of formation of the Tyrrhenian Sea behind a southeastwardly migrating trench-arc system, with the older areas of the basin now found in the west.
